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Abstract
We consider what occurs when we remove one of the compositeness condi-
tions proposed by Bardeen, Hill and Lindner that leads to predictions for the top
quark mass conflicting with the experimental value. Through this consideration
the condition for the Higgs particle to be the composite particle is reconsidered.
We show that in this case, (I) the Higgs-Yukawa system of the standard model
becomes equivalent to a non-local four-fermi system at a high-energy scale Λ,
(II) The Higgs-Yukawa sector of the model becomes useless above the scale be-
cause the vacuum state cannot be defined. We regard the two phenomena as
indications of the compositeness of the Higgs particle. It is suggested that the
new physics above Λ contains bi-local fields.
1e-mail: umezawa@phys.cst.nihon-u.ac.jp
1 Introduction
The top quark condensation is an attractive idea that explains the electroweak sym-
metry breaking in the absence of fundamental scalar bosons, and gives an under-
standing of that the top quark mass is of the order of the electroweak scale [1, 2].
Bardeen, Hill and Lindner (BHL) have proposed an interesting scenario for the top
condensation [2]. In their model, the renormalization group (RG) equations play an
important role, and the composite nature of the Higgs particle is reflected in the
boundary conditions for the coupling constants of the standard model, namely, the
compositeness conditions of BHL.
The usual standard model is considered to well describe physical phenomena in
the low energies where the Higgs particle can be regarded as elementary particle.
On the other hand, if the Higgs particle is composed of some elementary particle,
the Higgs-Yukawa sector of the model will be useless in some high-energy region
because the lagrangian written in terms of the local Higgs field must be useless to
describe the inside of the Higgs particle. In the scenario of BHL, the Higgs-Yukawa
sector becomes useless at a high-energy scale Λ and above owing to the divergence
of the Yukawa coupling constant for the top quark at the scale. Besides, BHL have
also supposed that the Higgs field becomes a non-propagating auxiliary field at Λ,
and so the Higgs-Yukawa system is equivalent to a local four-fermi system at the
scale. These two phenomena can be considered to indicate the compositeness of the
Higgs particle.
Using one of the compositeness conditions of BHL, one can predict the top quark
mass depending on the value of Λ. Unfortunately, the predicted masses are larger
that the experimental value as for Λ ≤ mP l (mP l ≃ 1019 GeV is Planck scale), and
several improvements and extensions of BHL’s model have been studied [3].
Our attempt to improve the model is very simple: we merely remove the con-
dition that leads to the predictions contradicted by the experiment from the com-
positeness conditions. We consider what occurs in this case, and reconsider the
condition for the Higgs particle to be the composite particle.
In Refs. [4, 5], it has been shown that if we use the β functions of the mass inde-
pendent renormalization scheme in BHL’s model, we cannot properly describe the
spontaneous symmetry breaking. This is the same in our scenario for the composite
Higgs particle (See Appendix A). Ideally, we should use Wilson’s renormalization
scheme [6] as discussed in Refs. [4, 5], however, the treatment of the RG equation
is not so easy in this scheme. Actually, BHL have used the β functions of the
mass independent renormalization scheme in the continuous theory instead of ones
of Wilsonian’s. The validity of this substitution has been discussed in Ref. [5] in
leading order of the 1/Nc expansion, where Nc is the number of colors
2. There, it
was concluded that this substitution is valid as an approximation except for the β
function for the mass parameter. In this paper, we will also define the renormal-
2See also Refs. [4, 7]
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ization transformation in our cutoff model with having the Wilson renormalization
approach in mind, and give the β functions for the quartic (λ) and the quadratic
(m2) coupling constants of the Higgs self-interactions. To give them, we will use
the perturbative expansion with respect to all the coupling constants including the
Yukawa coupling constant for the top quark, which does not diverge at Λ in our
scenario. We will see that our results coincide with the statement of Ref. [5]. On
the basis of this observation, disregarded the problem of the gauge invariance (See
Appendix A), we use the β functions of the MS scheme for all the dimensionless
coupling constants in this paper except for a few cases.
In the next section, we review the compositeness conditions of BHL. In §3, we
attempt to remove the condition that leads to the quark mass predictions contra-
dicted by the experiment. The condition for the Higgs particle to be the composite
particle is reconsidered in this section. In §4, predictions for the Higgs boson mass
are given. Section 5 is devoted to summary and discussions. In Appendix A, we
define the renormalization transformation and give the β functions for λ and m2
with having Wilson’s renormalization approach in mind.
2 Compositeness conditions of BHL
We have Wilson’s renormalization approach in mind. The effective lagrangian den-
sity of the standard model at an energy scale µ will be
L = Lqg + (DµΦ)†DµΦ−m2Φ†Φ− λ(Φ†Φ)2 + LY + LH.D., (2.1)
where Lqg denotes the usual gauge invariant lagrangian for the gauge and the fermion
fields, Φ is the Higgs doublet, Dµ is the gauge covariant derivative and LH.D. denotes
the higher dimensional terms. The Yukawa interaction terms are
LY = −
1,2,3∑
i
{
ydi
(
Q
d
iΦq
d
i + h.c.
)
+ yui
(
Q
u
i Φ˜q
u
i + h.c.
)
+ yli
(
LiΦli + h.c.
)}
, (2.2)
where i = 1, 2, 3 denote the generations, Φ˜ = iσ2Φ
∗, Q
u(d)
i are the left-handed quark
doublets in which the up (down) type components are mass eigen states, q
u(d)
i are the
right-handed up (down) type quark singlets, Li are the left-handed lepton doublets
and li are the right-handed lepton singlets.
Now suppose that the running coupling constants behave as3
λn(µ) = Z
−n/2(µ)λ̂n (2.3)
near µ ∼< Λ, where λn(µ) denotes the coupling constant of the interaction term that
is proportional to the power of n of Φ, λ̂n is a finite constant, and the small factor
Z(µ) vanishes at a high-energy scale Λ:
lim
µ→Λ
Z(µ) = 0. (2.4)
3This explanation of BHL’s scenario is in accord with Ref. [4].
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Specifically, we write as
yu,d,li (µ) = Z
−1/2(µ)ŷu,d,li , λ(µ) = Z
−2(µ)λ̂, m2(µ) = Z−1(µ)m̂2, (2.5)
where ŷu,d,li , λ̂ and m̂
2 are finite constants (ŷu3 , m̂
2 6= 0). In this case, we have
L = Lqg + Z(µ)(DµΦ̂)†DµΦ̂− m̂2Φ̂†Φ̂− λ̂(Φ̂†Φ̂)2 + L̂Y + L̂H.D. (2.6)
near µ ∼< Λ, where Φ̂ = Φ/Z1/2(µ), L̂Y is given by replacing yu,d,li and Φ in Eq. (2.2)
with ŷu,d,li and Φ̂, respectively, and L̂H.D. is given by replacing λn(µ) and Φ in LH.D.
with λ̂n and Φ̂, respectively. Further, if
λ̂ = 0, (2.7)
(λ̂n in L̂H.D.) = 0, (2.8)
the lagrangian reduces to
L = Lqg − m̂2Φ̂†Φ̂− ŷu3 (Qu3 ˜̂Φqu3 + h.c.) (2.9)
for µ→ Λ, where we have considered that ŷu,d,li=1,2 and ŷd,l3 vanish or become negligible
compared to ŷu3 . Through the auxiliary field method, we can show that the system
of Eq. (2.9) is equivalent to one of the four-fermi interaction supplemented with
gauge interaction,
L′ = Lqg +G
(
Q
u
3q
u
3
)
(qu3Q
u
3) , G =
(ŷu3 )
2
m̂2
. (2.10)
Therefore, we can describe the Higgs particle by alternative lagrangian below Λ : one
is the Higgs-Yukawa lagrangian of the standard model, and another is the lagrangian
for the fermions that has the local four-fermi interaction term with other higher
dimensional terms generated through the renormalization transformation from Λ.
On the other hand, at Λ and above, we cannot use the Higgs-Yukawa lagrangian as
follows. From Eqs. (2.5) and (2.7), we have
lim
µ→Λ
1
{yu3 (µ)}2
= 0, (2.11)
lim
µ→Λ
λ(µ)
{yu3 (µ)}4
= 0, (2.12)
which are the compositeness conditions for the running coupling constants proposed
by BHL. The condition (2.11) means that the Higgs-Yukawa sector of the standard
model becomes useless at Λ and above.
Here, we arrange the phenomena arising from the compositeness conditions of
BHL.
3
(i) the Higgs-Yukawa system of the standard model becomes equivalent to the
local four-fermi interaction system at Λ.
(ii) the Higgs-Yukawa sector of the standard model becomes useless at Λ and above
because the Yukawa coupling constant for the top quark diverges at the scale.
The two phenomena can be considered to indicate the compositeness of the Higgs
particle.
Using the condition (2.11), we can predict the top quark mass depending on Λ.
We can solve4
dαt
dt
= βαt , αt =
(yu3 )
2
4π
(2.13)
using the condition as a boundary condition, where t = ln(µ/mZ), mZ = 91.187 GeV
and the 1-loop β function for αt is
4πβαt = αt
(
9αt − 17
10
α1 − 9
2
α2 − 16α3
)
. (2.14)
The gauge coupling constants
αi =
g2i
4π
(
i = 1, 2, 3, g1 =
√
5
3
g′
)
(2.15)
obtained from 1-loop β functions are
α−11 (t) = α
−1
1 (t = 0)−
41
20π
t, α1(t = 0) = 0.016953, (2.16)
α−12 (t) = α
−1
2 (t = 0) +
19
12π
t, α2(t = 0) = 0.033817, (2.17)
α−13 (t) = α
−1
3 (t = 0) +
7
2π
t, α3(t = 0) = 0, 119. (2.18)
All the β functions used above are of the MS scheme in the continuous theory.
Because αt(µ) have been determined thanks to the condition (2.11), the top quark
mass is given by
mt(µ) =
√
2παt(µ) v, v = 246.22 GeV, (2.19)
where v is the vacuum expectation value of the Higgs field.
Unfortunately, the results of the top quark mass given in this way are larger than
the experimental value, mt = 173.8 ± 5.2 GeV5. Actually, if we determine yu3 (µ) by
solving Eq. (2.13) with the boundary condition obtained from the experimental
value of the top quark mass, the condition (2.11) does not hold as for Λ ≤ mp. For
example, we give the running of αt for Λ = 10
4 GeV and mt = 173.8 GeV in Fig. 1.
4Practically, one may solve the differential equation for 1/αt.
5The experimental values used in this paper are taken from Ref. [8].
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Figure 1: The RG evolution of αt(µ) = {yu3 (µ)}2 /(4π) for the boundary condition
αt(mZ) = 0.075168 obtained from mt = 173.8 GeV (mt(mt) = 163.9 GeV).
To this calculation we have converted the pole mass mt = 173.8 GeV into the MS
mass mt(mt) = 163.9 GeV using
mt(mt) = mt(1 + δ)
−1 ≡ mt, (2.20)
δ =
4
3
a3 + 8.2366a
2
3 + 73.638a
3
3
(
a3 =
α3(mt)
π
)
according to Ref. [9].
3 Modification of the compositeness condition
We attempt to remove the condition (2.11) from the compositeness conditions of
BHL. In this case the remaining condition (2.12) becomes
λ(Λ) = 0. (3.1)
Even in the case, we can also path integrate out the Higgs field at Λ, and obtain an
action having a non-local four-fermi interaction term,
I =
∫
d4x Lqg + Sdet + SNL-4F, (3.2)
where
Sdet = iT rLn
{
K−1(x− y)
}
, (3.3)
SNL-4F =
∫
ΨLi(x)YiΨRi(x)K(x− y)ΨRj(y)YjΨLj(y), (3.4)
5
and the repeated indices are summed and
∫
means the integration with respect to
the repeated arguments. We have defined:
ΨLi =
(
Qdi , Q˜
u
i , Li
)T
, Q˜ui = iσ2Q
u∗
i , (3.5)
ΨRi =
(
qdi , q
u∗
i , li
)T
, (3.6)
Yi = diag
(
ydi , y
u
i , y
l
i
)
, (3.7)
and
K−1(x− y) =
{
∂2x +m
2 − V (x)
}
δ4(x− y), (3.8)
where
V (x) = i (∂µAµ) + 2iAµ∂
µ +AµA
µ, (3.9)
Aµ =
g′
2
Bµ + g2
σa
2
W aµ (3.10)
and Bµ and W
a
µ are the U(1) and SU(2)L gauge fields, respectively. K(x− y) can
be expressed as
K(x− y) = iD(x− y) +
∫
iD(x− z)V (z)iD(z − y)
+
∫
iD(x− z1)V (z1)iD(z1 − z2)V (z2)iD(z2 − y) + · · · (3.11)
when the series converges, where
iD(x− y) =
∫
d4k
(2π)4
e−ik(x−y)
m2 − k2 − iǫ . (3.12)
When we give Eq. (3.2), we have also taken account of the Yukawa coupling constants
for the other fermions than the top quark.
Therefore, we can describe the Higgs particle by using alternative actions at Λ
and below, one is the Higgs-Yukawa action of the standard model, and another is
the action for the fermions that has the non-local four-fermi interaction term with
other higher dimensional terms generated through the renormalization transforma-
tion from Λ. We note that the equation of motion for the Higgs field at Λ yields
Φ(x) = −K(x− y)ΨRi(y)YiΨLi(y) (3.13)
in our case.
Now, what does occur above Λ? In the last section we saw that the condition
(2.11) means the breaking down of the Higgs-Yukawa system at Λ due to the diver-
gence of yu3 . In our case the system does not break down at the scale in this sense
because we have removed the condition (2.11), however, the system is breaking down
6
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Figure 2: The RG evolution of αλ = λ/(4π) for αλ(µ = 10
4 GeV) = 0 and mt =
173.8 GeV (mt = 163.9 GeV).
above Λ from the viewpoint of the vacuum stability. Let us determine the running
of λ. We can solve
dαλ
dt
= βMSαλ , αλ =
λ
4π
(3.14)
using Eq. (3.1) as a boundary condition, where
4πβMSαλ = 24α
2
λ +12αλαt −
9
5
αλα1 − 9αλα2 + 27
200
α21 +
9
20
α1α2 +
9
8
α22 − 6α2t (3.15)
is the 1-loop β function for αλ of the MS scheme; we will confirm the validity of the
use in Appendix A. As an example, we give the running of αλ for Λ = 10
4 GeV and
mt = 173.8 GeV (mt = 163.9 GeV) in Fig. 2. From the figure we can see that λ
becomes negative above Λ, and the Higgs potential becomes unbounded from below.
This means that the states corresponding to the local minimum of the potential are
unstable and the true vacuum state of the Higgs-Yukawa system cannot be defined.
After all, when we remove the condition (2.11) from BHL’s compositeness con-
ditions, the two phenomena occur:
(I) the Higgs-Yukawa system of the standard model becomes equivalent to the
non-local four-fermi interaction system at Λ.
(II) the Higgs-Yukawa sector of the standard model becomes useless above Λ be-
cause the vacuum state cannot be defined above the scale.
We consider that these indicate the compositeness of the Higgs particle.
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Here, we give two comments. (1) In BHL’s scenario, the 1-loop β functions
obtained in the perturbation theory did not permit an extrapolation all the way
to Λ because αt diverges at Λ. In contrast to this, the perturbative expansion
with respect to coupling constants is reliable near Λ in our scenario because all the
coupling constants are within the perturbative region near Λ. (2) We have discussed
the vacuum stability based on the ”tree potential” of the Higgs field assuming that
higher dimensional terms in the effective potential of the Higgs field are negligible
compared to the ”tree potential” for φ2 → ∞, where φ is the physical Higgs field.
The verification of this assumption is not so easy in Wilson’s renormalization scheme.
We give a desired form for the effective lagrangian to make the assumption valid in
Appendix B.
The removed condition (2.11) was derived from the condition (2.4) that coincides
with another version of the compositeness condition discussed in many contexts [10].
If one identifies Z(µ) in the condition (2.4) with the wave function renormalization
constant of the Higgs field, the condition also implies the compositeness of the Higgs
particle from the viewpoint of the following: the 1-particle pole part in the 2-point
function of the Higgs field vanishes at Λ. In our scenario, the pole will not vanish
at Λ. Then does our scenario have some significance for the compositeness of the
Higgs particle bearing comparison with that the condition (2.4) possesses? Let us
consider this point from now.
One may consider that four-fermi interactions are low-energy effective interac-
tions of some fundamental interaction. For the top-condensation models, this idea is
studied in the so-called topcolor model [11], in which the local four-fermi interaction
is rewritten into a form of the effective current-current interaction through Fierz
transformation. Let us rewrite our non-local four-fermi interaction into such a form:
SNL-4F = −
∫
JLabµij (x, y)J
Rµab
ij (x, y), (3.16)
where
JLabµij (x, y) =
1√
2
yˇai yˇ
b
jΨ
a
Li(x)K(x− y)γµΨbLj(y), (3.17)
JRabµij (x, y) =
1√
2
yˇbj yˇ
a
iΨ
b
Rj(y)γ
µ
Ψ
a
Ri(x) (3.18)
and the Latin indices a ∼ d distinguish the components of the right-hand sides of
Eqs. (3.5) and (3.6) including the difference of the colors of the quarks, yˇai ’s are
defined by (yˇai )
2 = yai with Y
ab
i = y
a
i δ
ab. This current-current like interaction will
be effectively produced by exchanges of heavy vector bosons represented by bi-local
fields. First, we consider
SBV-I0 =
∫
Aµabij (x, y)
{
M2JLabµij (x, y)− JRabµij (x, y)
}
, (3.19)
where Aµabij (x, y) = A
µba∗
ji (y, x)’s are the bi-local vector fields that are SU(2)L sin-
glets, M2 is a parameter having mass dimension 2. The interaction Eq. (3.19) is
8
invariant under SU(3)c×SU(2)L×U(1)Y gauge transformations if the bi-local vector
fields transform as
Aµij(x, y)→ UR(x)Ug(x)Aµij(x, y)U †g (y)U∗R(y), (3.20)
where UR(x) and Ug(x) are the matrices of the U(1) and the SU(3)c gauge trans-
formations acting on ΨR(x), respectively. We introduce the Fourier transformation
for the bi-local vector fields:
Aµij(x, y) =
1
(
√
2π)4
∫
d4q e−iqrAµij(X; q), (3.21)
where r = x− y and X = (x + y)/2, and so the bi-local fields are expressed by an
infinite number of the local fields labeld by q. We suppose that
I〈0|T Aµabij (X1; q1)Aνcd∗kl (X2; q2)|0〉I = δ(q1 − q2)gµνδacik δbdjl
∫
d4P
i(2π)4
e−iP (X1−X2)
M2 − P 2 − iǫ
(3.22)
in the interaction picture, where δacik and δ(x) represent δ
acδik and δ
4(x), respectively.
Then, we have
I〈0|T Aµabij (x1, y1)Aνcd∗kl (x2, y2) |0〉I →
1
iM2
δ(x1 − x2)δ(y1 − y2)gµνδacik δbdjl (3.23)
for P 2 ≪ M2, and the interaction SBV-I0 will induce SNL-4F of Eq. (3.16) in this
case.
We note that the interaction SBV-I0 will also induce other four-fermi interactions
than SNL-4F, and also we cannot rely the perturbative expansions with respect to
yˇai yˇ
b
jM
2’s. We next give an example in which bi-local vector fields can be pass
integrated out exactly [12], and the four-fermi interaction obtained through the
integration is only SNL-4F. We introduce one more kind of the bi-local vector fields
Cµabij (x, y) = C
µba∗
ji (y, x), and consider
ŜBV =
∫
tr
[
{DµAν(x, y)}†DµAν(x, y)−M2A†µ(x, y)Aµ(x, y)
]
−
∫
tr
[
Aµ(x, y)→ Cµ(x, y)
]
+ SBV-I, (3.24)
where
SBV-I =
∫ [
Aµabij (x, y)
{
M2JLabµij (x, y)− JRabµij (x, y)
}
−Cµabij (x, y)
{
M2JLabµij (x, y) + J
Rab
µij (x, y)
} ]
, (3.25)
{DµAν(x, y)}abij =
{
δacik δ
bd
jl ∂
µ
X − iBµab:cdij:kl (x, y)
}
Aνcdkl (x, y) (3.26)
with
∂µX = ∂
µ
x + ∂
µ
y , B
µab:cd
ij:kl (x, y) = B
µac
ik (x)δ
bd
jl − δacikBµbdjl (y). (3.27)
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Bµacik (x) = B
µca∗
ki (x)’s are components of a matrix composed of U(1)Y and SU(3)c
gauge fields multiplied by g′ and g3, respectively, which make Eq. (3.26) to be gauge
covariant under Eq. (3.20). The definition for DµCν(x, y) is just the same with one
for DµAν(x, y). In Eq. (3.24), tr means the usual trace for the matrix having two
Latin indices6, and we have written {DµAν(x, y)}†abij as {DµAν(x, y)}ba∗ji . We can
integrate out the bi-local vector fields exactly because ŜBV is quadratic with respect
to the fields. Let us rewrite ŜBV into
ŜBV
= −
∫ [{
Aab∗µij (x1, y1)− ξefµmn(x3, y3)∆ef :abmn:ij(x3, y3 : x1, y1)
}
· ∆−1 ab:cdij:kl (x1, y1 : x2, y2)
{
Aµcdkl (x2, y2)−∆cd:ghkl:op (x2, y2 : x4, y4)ξµgh∗op (x4, y4)
}
− (Aµ → Cµ, ξµ → ηµ)
]
+ SB-4F, (3.28)
where
SB-4F = −
∫
JLabµij (x1, y1)M
2∆˜ab:cdij:kl (x1, y1 : x2, y2)J
Rµcd
kl (x2, y2), (3.29)
ξabµij(x, y) =
1
2
{
M2JLabµij (x, y)− JRabµij (x, y)
}
, (3.30)
ηabµij(x, y) =
1
2
{
M2JLabµij (x, y) + J
Rab
µij (x, y)
}
, (3.31)
and
∆−1 ab:cdij:kl (x1, y1 : x2, y2) = iD
−1 ab:cd
ij:kl (x1, y1 : x2, y2)− V ab:cdij:kl (x1, y1 : x2, y2) (3.32)
with
iD−1 ab:cdij:kl (x1, y1 : x2, y2) = δ
ac
ik δ
bd
jl (∂
2
X1 +M
2)δ(x1 − x2)δ(y1 − y2) (3.33)
and
V ab:cdij:kl (x1, y1 : x2, y2)
=
[
i{∂µX1Bab:cdµij:kl(x1, y1)}+ 2iBab:cdµij:kl(x1, y1)∂
µ
X1
+Bab:efµij:mn(x1, y1)B
µef :cd
mn:kl (x1, y1)
]
· δ(x1 − x2)δ(y1 − y2). (3.34)
The inverse of ∆−1ab:cdij:kl (x1, y1 : x2, y2) is defined by∫
∆ab:efij:mn(x1, y1 : x3, y3)∆
−1 ef :cd
mn:kl (x3, y3 : x2, y2)
=
∫
∆−1 ab:efij:mn (x1, y1 : x3, y3)∆
ef :cd
mn:kl(x3, y3 : x2, y2)
= δacik δ
bd
jl δ(x1 − x2)δ(y1 − y2). (3.35)
6We will also define the trace for matrices that have four Latin indices later.
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We can express it as
∆ = iD + iDV iD + iDV iDV iD + · · · (3.36)
when the series converges, where
iDab:cdij:kl (x1, y1 : x2, y2) = δ
ac
ik δ
bd
jl δ(r1 − r2)
∫
d4P
(2π)4
e−iP (X1−X2)
M2 − P 2 − iǫ (3.37)
and we have omitted the indices with defining the product of the matrices M and
N having four indices as
(MN)ab:cdij:kl (x1, y1 : x2, y2) =
∫
Mab:efij:mn(x1, y1 : x3, y3)N
ef :cd
mn:kl(x3, y3 : x2, y2). (3.38)
It can be shown that
∆ab:cdij:kl (x1, y1 : x2, y2) = ∆
cd:ab∗
kl:ij (x2, y2 : x1, y1). (3.39)
We have also defined ∆˜ab:cdij:kl (x1, y1 : x2, y2) as
∆˜ab:cdij:kl (x1, y1 : x2, y2) =
1
2
{
∆ab:cdij:kl (x1, y1 : x2, y2) + ∆
dc:ba
lk:ji (y2, x2 : y1, x1)
}
, (3.40)
which satisfies
∆˜ab:cdij:kl (x1, y1 : x2, y2) = ∆˜
dc:ba
lk:ji (y2, x2 : y1, x1) = ∆˜
ba:dc∗
ji:lk (y1, x1 : y2, x2). (3.41)
From Eq. (3.28), we have
1
i
Ln
∫
DADA∗DCDC∗ exp [iSBV] = SB-4F, (3.42)
where
SBV = ŜBV − 2iT rLn
[
∆−1ab:cdij:kl (x1, y1 : x2, y2)
]
(3.43)
and Ln[∆−1] is defined by using the power series of the matrices having four indices
with Eq. (3.38), and we have written as Tr[Nab:cdij:kl (x1, y1 : x2, y2)] =
∫
Nab:abij:ij (x1, y1 :
x1, y1). Note that
M2∆˜ab:cdij:kl (x1, y1 : x2, y2)→ δacik δbdjl δ(x1 − x2)δ(y1 − y2) (3.44)
for P 2 ≪ M2 → ∞, and so SB-4F becomes SNL-4F of Eq. (3.16) in this case. Thus,
we can consider that our non-local four-fermi interaction Eq. (3.4) is the low-energy
effective interaction induced in the system of SBV by assuming that M
2 becomes
large as the energy scale approaches to Λ.
On the other hand, we can rewrite SB-4F of Eq. (3.29) into
SB-4F =
∫
Ψ
a
Li(x1)Ψ
c
Rk(x2)yˇ
a
i yˇ
b
j yˇ
c
kyˇ
d
lK(x1 − y1)M2∆˜ab:cdij:kl (x1, y1 : x2, y2)
·ΨdRl(y2)ΨbLj(y1) (3.45)
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through Fierz transformation, which becomes the original expression of SNL-4F of
Eq. (3.4) for P 2 ≪M2 →∞. The form of Eq. (3.45) suggests that SBV is equivalent
to some action written in terms of scalar fields. We note
1
i
Ln
∫
DχDχ†exp
[
−i
∫ {
χab†ij (x1, x2) +Ψ
a
Li(x3)yˇ
a
i yˇ
b
jΨ
b
Rj(x2)K(x3 − x1)
}
· K−1 ab:cdij:kl (x1, x2 : y1, y2)
{
χcdkl (y1, y2) +K(y1 − y3)ΨdRl(y2)yˇdl yˇckΨcLk(y3)
}]
= iT rLn
[
K−1 ab:cdij:kl (x1, x2 : y1, y2)
]
, (3.46)
where χabij (x1, x2) = χ
ba∗
ji (x2, x1)’s are the bi-local scalar doublets, and
K−1 ab:cdij:kl (x1, x2 : y1, y2)
=
∫
K−1(x1 − x4)K(x4 − y4)K−1(y4 − y1)M2∆˜ac:bdik:jl (x4, y4 : x2, y2), (3.47)
which satisfies K−1 ab:cd †ij:kl (x1, x2 : y1, y2) = K
−1 cd:ab
kl:ij (y1, y2 : x1, x2). Because the
integrand of the path integral of the left-hand sides of Eq. (3.46) is equal to
exp
[
i
(
Skin.Bχ + S
Y
Bχ − SB-4F
)]
, (3.48)
where
Skin.Bχ = −
∫
χab†ij (x1, x2)K
−1 ab:cd
ij:kl (x1, x2 : y1, y2)χ
cd
kl (y1, y2), (3.49)
SYBχ = −
∫ [
Ψ
a
Li(x3)yˇ
a
i yˇ
b
jΨ
b
Rj(x2)K(x3 − x1)K−1 ab:cdij:kl (x1, x2 : y1, y2)χcdkl (y1, y2)
+ h.c.
]
, (3.50)
we have
1
i
Ln
∫
DχDχ† exp [iSBχ] = SB-4F = 1
i
Ln
∫
DADA∗DCDC∗ exp [iSBV], (3.51)
where
SBχ = S
kin.
Bχ + S
Y
Bχ − iT rLn
[
K−1 ab:cdij:kl (x1, x2 : y1, y2)
]
. (3.52)
Thus, SBV is equivalent to the action for the bi-local scalar fields SBχ. It will be
interest to see what SBχ becomes for P
2 ≪ M2 → ∞. When we set χaaii (x1, x2)
to Φ(x1), i.e., to be independent of x2, S
kin.
Bχ and S
Y
Bχ become the kinetic term and
the Yukawa interaction terms of the Higgs-Yukawa sector of the standard model,
respectively.
We have given an example of the action for the physics above Λ, SBV or SBχ.
The actions are equivalent to the action for fermions having SB-4F that becomes the
Higgs-Yukawa sector of the standard model at Λ in the limit P 2 ≪ M2 → ∞7. It
7To be exact, SB-4F + Sdet becomes equivalent to the sector in this limit, where Sdet is of
Eq. (3.3). So, the action above Λ is SBχ + Sdet or SBV + Sdet.
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is important to note that SBV or SBχ is not exactly equivalent to the action for the
fermions having SNL-4F but induces it effectively. If they are exactly equivalent, then
we can describe the physics above Λ using the Higgs-Yukawa sector of the standard
model alternatively, because SNL-4F(+Sdet) is equivalent to the sector. Then the
vacuum of the system will be ill defined above Λ.
It should be emphasized that SBV could not be rewritten into the action for the
single elementary local scalar field but the bi-local scalar fields. In general, although
we cannot rewrite an action into another one through the auxiliary field method, the
two actions might be equivalent to each other in the sense that the vertex functions
obtained from both actions are identical with each other8. However, there will
exist no action for a single elementary local scalar field that is equivalent to SBV,
because it has been already shown that SBV is equivalent to action for the bi-local
scalar fields that are represented by an infinite number of local fields like Eq. (3.21).
Therefore, we can say that the scale Λ is the critical scale above which the Higgs
particle cannot be described by the action written in terms of the elementary local
field for the Higgs particle but described by one for the constituent particles of the
Higgs particle or some action for bi-local scalar fields. From this, we consider that
the scale Λ has a qualification of the compositeness scale.
4 Higgs boson mass
Now, we predict the Higgs boson mass in our scenario depending on Λ. The mass
is obtained from
mH(µ) =
√
8παλ(µ) v (4.1)
because αλ(µ) has been determined thanks to the condition (3.1). The results are
shown in Table I. For Λ = 103 GeV, we have used the β functions of our cutoff scheme
that will be defined in Appendix A, namely, Eqs. (A.14) and (A.15)9. On the other
hand, for Λ = 1019, 1015, 1010, 104 GeV, we have used Eq. (3.15) approximately.
This is because a problem of fine-tuning arises for Λ ≫ mz when we use the β
functions of our cutoff scheme (See Appendix A). We will show that our β function
for αλ reduces to β
MS
αλ
under an approximation. We will also see that our β functions
are not reliable for Λ ≃ mP l, and so the results for Λ = 1019 GeV in Table I are not
reliable .
We must take notice that mH(mH)’s are not the pole masses. The pole mass
mH and mH(mH) are related by
m2H(µ) = m
2
H(1 + δH(µ)), (4.2)
8In Refs. [18, 19], the equivalence between some generalized NJL system and the unconstrained
Higgs-Yukawa system is shown in this way in the large Nc limit.
9Although we use βMSαλ for Λ = 10
3 GeV, the results does not differ from the values in Table I
more than 0.1 GeV.
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Table I. The Higgs boson masses obtained from Eq. (4.1). mt’s are defined by
Eq. (2.20). The values having the superscript ∗ are obtained using Eqs. (A.14) and
(A.15). The results for Λ = 1019 GeV are not reliable because our β function is not
reliable for Λ ≃ mP l (See Appendix A). We must take notice that mH(mH)’s are
not the pole masses.
Λ[GeV]
mH(mH) [GeV] for
mt = 168.6 GeV
(mt = 159.0 GeV)
mH(mH) [GeV] for
mt = 173.8 GeV
(mt = 163.9 GeV)
mH(mH) [GeV] for
mt = 179.0 GeV
(mt = 168.9 GeV)
(1019) (126) (136) (146)
1015 126 135 145
1010 122 131 140
104 96 102 108
103 81∗ 85∗ 90∗
where δH(µ) depends on mH [13, 14]. From the results shown in Ref. [13], we can
see that δH(µ) decreases with increasing mH for the values of mH(mH) in Table I
10,
and so the pole masses will be smaller than mH(mH).
To conclude this section, we give two comments. (1) Our way used to predict
the Higgs boson mass is the same with one to yield the ordinary stability bound of
the mass [15, 16], except that we treat our model as a cutoff model. In ordinary
discussion of the stability bound, the lower limits on the mass are derived from the
requirement that the Higgs potential is bounded below up to a certain scale where
some new physics appears. The compositeness scale Λ of our scenario corresponds to
such a scale. The value of Λ is a free parameter of our model, however, we consider
that Λ is not so large compared to mZ because if Λ≫ mZ , we encounter a problem
of the fine-tuning as we will detail in Appendix A. This problem can be considered
a kind of the problem of hierarchy. The absence of such a fine-tuning may require
Λ ∼< O(103 − 104GeV) [17]. (2) The Higgs boson mass is sensitive to the variation
of mt relative to one of Λ. This seems to support the idea that the Higgs particle is
composed of the top quarks.
5 Summary and discussions
The compositeness conditions of BHL, Eqs. (2.11) and (2.12) lead to the two phe-
nomena (i) and (ii) in §3. These are considered to indicate the compositeness of
the Higgs particle. Now that the experimental value of the top quark mass con-
tradicts the condition (2.11), we must give up the scenario of BHL without some
improvement. In this paper we considered what occurs when we remove Eq. (2.11).
If one removes Eq. (2.11) from BHL’s compositeness conditions, the remaining
10We can see that 0.05 < δH(µ) ∼< 1.
14
condition (2.12) becomes Eq. (3.1). This condition leads to the two phenomena (I)
and (II) in §3. We consider that these, together with each other, also indicate the
compositeness of the Higgs particle.
The phenomenon (I) may not be so surprising one. In Refs. [18, 19], it is shown
in the large Nc limit that even in the absence of any conditions for λ(µ) there exists
the generalized Nambu-Jona-Lasinio (NJL) system to be equivalent to the Higgs-
Yukawa system in the sense that the vertex functions obtained in both systems are
identical with each other. If the equivalence is exact, we should say that Eq. (3.1) is
the condition to guarantee the statement (II), and then the condition also determine
the type of the generalized NJL lagrangian that is equivalent to the Higgs-Yukawa
lagrangian.
The condition (2.4), which arises the removed condition (2.11), can be considered
the compositeness condition also from the viewpoint of that the 1-particle pole part
in the 2-point function of the Higgs field vanishes at Λ. In our scenario, the pole will
not vanish at Λ, and so we cannot say Λ to be the scale at which the asymptotic
field for the Higgs particle
√
Zφas vanishes. However, the scale Λ is considered to be
the compositeness scale of the Higgs particle from another point of view as follows.
In the ordinary discussion of the vacuum stability, it would be considered that some
new physics appears before the Higgs potential becomes unbounded below, and the
Higgs-Yukawa system supplemented with some new interaction does not break down.
In our scenario we consider that the Higgs-Yukawa system breaks down above Λ,
and the physics above the scale is described by the action that does not have the
Higgs-Yukawa sector of the standard model. This is naturally understood when we
consider the non-local four-fermi interaction Eq. (3.4) to be a low-energy (of course
higher than Λ) effective interaction produced by exchanges of heavy vector bosons,
which are represented by the bi-local fields in our scenario because of the non-locality
of the four-fermi interaction. Then even if we rewrite the action for the vector fields
into an action for the scalar fields, the action will not be for a single local scalar
field but for the bi-local scalar fields as discussed in §3. Therefore, we can say that
the scale Λ is the critical scale above which the Higgs particle cannot be described
by the action written in terms of the local elementary field for Higgs particle but
described by one for the constituent particles of the Higgs particle or some action for
bi-local scalar fields. Contrasting with this, at Λ and below, the Higgs particle can
be described by alternative actions, one is the action for the constituent particles of
the Higgs particle, namely, the action having the non-local four-fermi term Eq. (3.4)
with higher dimensional terms generated through the RG transformation from Λ,
and another is the Higgs-Yukawa action, which is of course written in terms of the
elementary local field for the Higgs particle. From this point of view, we consider
that the scale Λ has a qualification for the compositeness scale.
Now, we note that if the equivalence between some generalized NJL system and
the unconstrained Higgs-Yukawa system discussed in Refs. [18, 19] is exact, we can
say as follows in our criterion for the compositeness: the Higgs particle described by
the Higgs-Yukawa sector is the composite particle whenever the sector breaks down
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at a high-energy from any reason. So, it would appear that the Higgs particle is
already fated to be the composite particle when we adopt the Higgs-Yukawa system
to describe the low-energy physics of the Higgs particle or the symmetry breaking
of the gauge theory.
It remains to be shown whether the vacuum of the system of SBV or SBχ given in
§3 is well defined or not. We will not address to this question here [20]. Our example
of the new theory above Λ may be cheap a little to consider it a realistic model;
it is sufficient to explain our criterion for the compositeness of the Higgs particle,
though. We may be able to construct the new theory above Λ based on some gauge
symmetry that requires the bi-local gauge fields [21]. Then, the following should be
required in general. (1) the vacuum is well defined above Λ. (2) the masses of the
bi-local vector fields become large as the energy scale approaches to Λ. (3) the new
theory breaks down at Λ and below. Detailed studies of the theory above Λ remains
as future works.
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Appendix
A Renormalization transformation and β-functions
In this Appendix, we define the renormalization transformation for the action and
give the β functions of our model with having Wilson’s renormalization approach in
mind. Our definition is about the same with one of Ref. [5]. In Ref. [5], the 1/Nc
expansion was used, and then one can elude the problem of the gauge invariance in
the cutoff theory accidentally. We will use the perturbative expansion with respect to
coupling constants; we can use the perturbation in our scenario as we have mentioned
in §3. In our case the problem of the gauge invariance will be serious and remains
unsolved in this paper. For this reason we give the β functions only for λ and m2,
and assume that for the other coupling constants, the β functions of the MS scheme
in the continuous theory can be used approximately.
Our definition of the renormalization transformation for the action, S → S+∆S,
is as follows.
Step I: We define the transformation coming from the path integration over the
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fields with the Euclidean momentum in the infinitesimal interval µ2 ≥ k2 ≥ µ2−∆µ2:
S[b0, f0, f0;µ] + ∆˜S[b0, f0, f0;µ]
=
1
i
∫ µ2∼µ2−∆µ2
D[b]D[f ]D[f ] exp
{
i
∫
d4xL(b0 + b, f0 + f, f0 + f ;µ)
}
, (A.1)
where L(µ) is the effective lagrangian at a scale µ, [b] and [f ] denote all fields for
bosons and fermions contained in L(µ), respectively, and b0, f0 and f0 are the fields
that obey the equations of motion obtained from L(µ). In the 1-loop approximation,
we have
∆˜S =
i
2
s˜Tr Ln
[
1
2
F.T.
{
δ2S[b, f, f ;µ]
δϕα(y)δϕβ(z)
∣∣∣∣∣
0
}]
, (A.2)
where ϕα’s denote the field contained in L(µ) and the Greek indices distinguish the
kind of the fields, F.T. {f(y, z)} denotes the Fourier transformation for f(y, z), and
|0 means taking (b, f, f) = (b0, f0, f0). s˜Tr is defined by
s˜Tr
(
M O
P N
)
= T˜rM − T˜rN, (A.3)
where M and N are the matrices having Greek indices for bosons and fermions,
respectively, and
T˜r[Mαβ(p, q)] =
∑
α
∫ µ2
µ2−∆µ2
d4p Mαα(p, p). (A.4)
The integral on the right-hand side of Eq. (A.4) is defined with the Euclidean mo-
mentum (p0 = ip4).
Now, we parameterize the Higgs doublet as
Φ =
1√
2
(
χ2 + iχ1
φ− iχ3
)
, (A.5)
where χi=1,2,3 are the would-be N.G. bosons and φ is the physical Higgs boson. We
focus on φ by setting the other fields equal to zero from now. Then Eq. (A.2) can
be written as
∆˜S[φ] =
∫
d4x
−∆Z 1
2
φ∂2φ−
∞∑
n=2,4,···
∆˜λnφ
n −
∞∑
m,n
∆˜cmnH(φ
n, ∂m)
 , (A.6)
where
λ2 =
1
2
m2, λ4 =
1
4
λ (A.7)
and H(φn, ∂m) denotes higher derivative terms.
Step II: One can consider that the momentum cutoff has decreased through Step
I such as µ2 → b2µ2, where b2 = 1− (∆µ2/µ2). Here, we introduce new momentum
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and coordinate variables, k′2 = b−2k2 and x′2 = b2x2. Note that the cutoff for k′2 is
restored. Using x′, we can write as
S[φ] + ∆˜S[φ] =
∫
d4x′b−4
[
−1
2
b2(1 + ∆Z)φ∂
′2φ−
∞∑
n=2,4,···
(λ+ ∆˜λn)φ
n
−
∞∑
m,n
(cnm + ∆˜cnm)b
mH(φn, ∂
′m)
]
. (A.8)
Step III: We normalize the kinetic term on the right-hand side of Eq. (A.8)
through the re-definition φ→ b(1 + ∆Z)−1/2φ:
S[φ] + ∆˜S[φ]→ S[φ] + ∆S[φ], (A.9)
where
∆S[φ] =
∫
d4x
−
∞∑
n=2,4,···
∆λnφ
n −
∞∑
m,n
∆cmnH(φ
n, ∂m)
 (A.10)
and
∆λn = ∆˜λn + λn
1
2
{
(4− n)∆µ
2
µ2
− n∆Z
}
, (A.11)
∆cmn = ∆˜cmn + cmn
1
2
{
(4−m− n)∆µ
2
µ2
− n∆Z
}
. (A.12)
We define ∆S[φ] as the variation of the action under the infinitesimal renormalization
transformation in our cutoff model.
The variation of the full action under the infinitesimal renormalization transfor-
mation will not be gauge invariant, and so the effective lagrangian density will not
be gauge invariant in general. This is the problem of the gauge invariance in our
cutoff model mentioned above and §1.
The β functions for m2 and λ are
βm2 = −2µ2
∆m2
∆µ2
, βλ = −2µ2 ∆λ
∆µ2
, (A.13)
where we have identified −∆/∆µ2 with d/dµ2 because ∆S[φ] is the variation with
decreasing µ. In the ’t Hooft-Landau gauge, we have
βm2 =
1
4π
{
−12αλµ4
µ2 +m2
+ 2m24π(γ˜ − 1) +
(
12αt − 9
2
α2 − 9
10
α1
)
µ2
}
, (A.14)
βλ =
24α2λµ
4
(µ2 +m2)2
+
27
200
α21 +
9
20
α1α2 +
9
8
α22 − 6α2t + 4αλ4πγ˜ = 4πβαλ , (A.15)
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where
γ˜ = µ2
∆Z
∆µ2
=
1
4π
{
3αt − µ
2
µ2 +m2
(
9
20
α1 +
9
4
α2
)}
. (A.16)
We have calculated the β functions neglecting higher dimensional terms in the effec-
tive action on the assumption that their contributions will be o(µ2/m2P l). Because
the calculations are not reliable for µ ∼ mP l, our discussion based on the β functions
is not reliable for Λ ∼ mP l. However, we consider that Λ is not so large compared
to mZ because a fine-tuning will be required if Λ ≫ mZ as we will see in the next
paragraph.
Let us try to determine the running of λ and m2 using Eqs. (A.14) and (A.15).
Because βλ contains m
2 in the expression, we must solve the differential equations
for λ and m2 simultaneously. To solve them numerically, a boundary value for m2
at Λ is necessary because the boundary value for λ is given at Λ, i.e., Eq. (3.1).
Practically, we solve the differential equations with tuning the value of m2(Λ) so
as to obtain the solutions for λ(µ) and m2(µ) that satisfy the condition for the
minimum,
− m
2(mZ)
λ(mZ)
= v2, (A.17)
where v is of Eq. (2.19)11. When Λ ≫ mZ , the tuning for m2(Λ) becomes hard.
This is the problem of fine-tuning mentioned above and in §4. Here, we consider the
case m2 ≪ µ2. In the leading order of the m2/µ2 expansion, we have
βm2 = β
MS
m2 − 2m2 +
1
4π
(
12αt − 12αλ − 9
10
α1 − 9
2
α2
)
µ2, (A.18)
βλ = 4πβ
MS
αλ
, (A.19)
where βMSαλ is of Eq. (3.15), and
βMSm2 =
2m2
4π
(
6αλ + 3αt − 9
20
α1 − 9
4
α2
)
. (A.20)
In this case we can determine λ independently of m2 as performed in §3 because
βMSαλ does not contain m
2. Then, we can obtain a value of m2(mZ) from Eq. (A.17)
without any fine-tuning, which can be used as a boundary value to determine the
running of m2(µ).
If we use βMSm2 with Eq. (A.17), we can see that m
2 is negative in ΛQCD < µ ≤
mP l. This means that if we adopt the MS scheme in our scenario for the composite
Higgs particle, the spontaneous symmetry breaking is not properly described as
mentioned in §1.
Finally, we check the consistency of the use of m2 ≪ µ2. As Figs. 3 and 4 show,
m2/µ2 is sufficiently small until the blowing down in the low-energy region appears.
We can see that m2/µ2 < 1 in 0 ≤ µ ≤ mP l.
11The value v = 246.22 GeV should be consider to be one at µ = mW because it is determined
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Figure 3: The RG evolution of m2/µ2 for
Λ = 104 GeV and mt = 173.8 GeV.
0 0.5 1 1.5
lnHµêmZL
-1.2
-1
-0.8
-0.6
-0.4
-0.2
0
m2êµ2
Figure 4: m2/µ2 in low energies. Λ and
mt are the same with ones of Fig. 3.
B A form for the effective lagrangian
We have discussed the vacuum stability based on the ”tree potential” V (0)(t) =
{m2(t)/2}φ2+{λ(t)/4}φ4 of the Higgs field assuming that higher dimensional terms
can be neglected for φ2 → ∞. In this Appendix, we give a desired form for the
effective lagrangian to make our assumption valid.
In the ordinary discussion of the vacuum stability, the Coleman-Weinberg po-
tential is used with the RG improvement [16, 7, 15]. In our discussion, however,
we cannot use it because we are treating our model as a cutoff model with having
Wilson’s renormalization approach in mind. The effective potential V (t, φ) of our
model will be obtained by solving the RG equation for the effective lagrangian. From
Eq. (A.10), we have
∆V (t, φ) =
∞∑
n=2,4,···
∆λnφ
n (B.1)
by taking φ = constant, where ∆V (t, φ) is defined by
∆V (t, φ)
∫
d4x = −∆S[φ = constant]. (B.2)
Using −2µ2∆V (t, φ)/∆µ2 = ∂V (t, φ)/∂t, we can reduce Eq. (B.1) to
∂V
∂t
= −4V + (1 + γ˜)φ∂V
∂φ
+ T (t, φ), (B.3)
where T (t, φ) is defined by
T (t, φ)
∆µ2
2µ2
·
∫
d4x
by the experiment of the muon decay [22]. According to Ref. [22], we consider v(mZ) to be equal
to v(mW ) approximately.
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=
i
2
T˜r Ln
[
1
2
F.T.
{
δ2S
δbα(y)δbβ(z)
∣∣∣∣∣
0
}]
− iT˜r Ln
[
F.T.
{
δ2S
δfα(y)δfβ(z)
∣∣∣∣∣
0
}]
(B.4)
and |0 means taking φ = constant and bα = fα = fα = 0 for the other fields. We
cannot determine V (t, φ) only from this equation because it is necessary to know the
full effective lagrangian L to know T (t, φ). From now, we give asymptotic solutions
of the equation for φ2 → ∞ with imposing artificial conditions on T (t, φ) or the
effective lagrangian. We will consider three cases, and the last case is the desired
one.
We first examine the case,
lim
φ2→∞
T (t, φ)
φ2
= 0. (B.5)
By putting
V (t, φ) = V (0)(t, φ) + v(t, φ), v(t, φ) = φ2ω(t, φ), (B.6)
we have
∂ω
∂t
−(1 + γ˜)φ∂ω
∂φ
+2 (1− γ˜)ω = −1
2
{
βm2 + 2m
2 (1− γ˜)
}
− 1
4
(βλ − 4γ˜λ)φ2 (B.7)
from Eq. (B.3) for φ2 →∞. The general solution of this equation yields
v(t, φ) = −1
2
m2φ2 − 1
4
λφ4 + e−4tF
(
e
∫ t
0
dt(1+γ˜)|φ|
)
, (B.8)
where F is a function. Note that the first two terms on the left-hand side of Eq. (B.8)
cancel V (0). The functional form for F is determined from the condition that V
becomes quadratic at Λ, i.e., Eq. (2.8), and we have
V (t, φ) = C e−2
∫ t
0
dt(1−γ˜)φ2, (B.9)
where C is a constant having mass dimension 2. This means that our scenario for
the composite Higgs particle does not hold in this case.
Next, we consider the case,
lim
φ2→∞
T (t, φ)
φ2
6= 0. (B.10)
First in this case, we examine the following candidate for the effective lagrangian12,
L = L(0) − f(t)ex(t)|Φ|2+y(t)(|Φ|2)2 − u(t, |Φ|2), (B.11)
12We can also add to L other higher dimensional terms that give no effect on limφ2→∞ T (t, φ)/φ
2
and v(t, φ).
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where L(0) is the ordinary renormalizable lagrangian of the standard model, and
u(t, |Φ|2) denotes higher dimensional terms that have no effect on limφ2→∞ T (t, φ)/φ2.
Functional forms for x(t) > 0, y(t) > 0 and f(t) > 0 are determined from now. The
effective lagrangian yields
lim
φ2→∞
T (t, φ)
φ2
= − µ
4
4π2
{
x(t)
2
+
y(t)
4
φ2
}
, (µ = mZe
t) (B.12)
and then Eq. (B.3) reduces to
∂ω
∂t
− (1 + γ˜)φ∂ω
∂φ
+ 2 (1− γ˜)ω
= −1
2
{
βm2 + 2m
2 (1− γ˜) + µ
4x(t)
4π2
}
− 1
4
{
βλ − 4γ˜λ+ µ
4y(t)
4π2
}
φ2 (B.13)
for φ2 →∞. The general solution of this equation yields
v(t, φ) = −1
2
{
m2 +
1
4π2
e−2
∫ t
a
dt(1−γ˜)
∫ t
b
dt µ4x(t) e2
∫ t
a
dt(1−γ˜)
}
φ2
−1
4
{
λ+
1
4π2
e4
∫ t
a
dtγ˜
∫ t
b
dt µ4y(t) e−4
∫ t
a
dtγ˜
}
φ4
+e−4tF
(
e
∫ t
0
dt(1+γ˜)|φ|
)
, (B.14)
where a and b are constants and F is a function. On the other hand, Eq. (B.11)
requires
v(t, φ) = f(t)ex(t)φ
2/2+y(t)φ4/4 + u(φ2/2). (B.15)
By comparing this with Eq. (B.14), we have
x(t) = C1 e
2
∫ t
0
dt(1+γ˜), (B.16)
y(t) = C2 e
4
∫ t
0
dt(1+γ˜), (B.17)
f(t) = f e−4t, (B.18)
where C1,2 > 0 and f > 0 are constants having mass dimensions −2, −4 and 4,
respectively13. Note that f(t) does not vanish at any finite scale, and the first term
on the right-hand side of Eq. (B.15) dominates in V (t, φ) for φ2 →∞. Thus, λ ≥ 0 is
not the condition for the vacuum stability in this case. This means that our scenario
for the composite Higgs particle does not hold in this case too.
13Equation (B.14) also yields certain restrictions on the functional form for u(t, |Φ|2). Under this
restrictions we can choose the functional form for u(t, |Φ|2) in consistent with the assumption that
it has no effect on limφ2→∞ T (t, φ)/φ
2.
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Finally, we consider the case that Eq. (B.10) holds thanks to derivative coupling
terms. As a candidate, we examine
L = L(0) + f1(t) ex1(t)|Φ|2+y1(t)(|Φ|2)2 |DµΦ|2
+f2(t) e
x2(t)|Φ|2+y2(t)(|Φ|2)2 Ψt /D
fΨt + LH, (B.19)
where /Df is the covariant derivative for the top field Ψt, x1,2(t) ≥ 0, y1,2(t) ≥ 0 and
f1,2(t) > 0 are certain functions of t, and LH denotes higher dimensional terms that
have no effect on limφ2→∞ T (t, φ)/φ
2. We give certain restrictions on x1,2(t), y1,2(t)
and f1,2(t) from now. The effective lagrangian yields
lim
φ2→∞
T (t, φ)
φ2
=
µ4
(4π)2
{
1
2
(12x2 − 13x1) + 1
4
(12y2 − 13y1)φ2
}
. (B.20)
If x1,2(t) and y1,2(t) satisfy the conditions
12x2(t)− 13x1(t) = −(4π)
2
µ4
{
βm2 + 2m
2 (1− γ˜)
}
, (B.21)
12y2(t)− 13y1(t) = −(4π)
2
µ4
(βλ − 4γ˜λ) , (B.22)
Eq. (B.3) reduces to
∂ω
∂t
− (1 + γ˜)φ∂ω
∂φ
+ 2 (1− γ˜)ω = 0 (B.23)
for φ2 →∞. The general solution of this equation yields
v(t, φ) = e−4tF
(
e
∫ t
0
dt(1+γ˜)|φ|
)
, (B.24)
where F is a function. From the condition that V (t, φ) becomes quadratic at Λ, we
have v(t, φ) = 0. After all, if L of Eq. (B.19) is realized with the conditions (B.21)
and (B.22), the ”tree potential” is an asymptotic solution of the RG equation (B.3)
for φ2 →∞. In this case our discussion on the vacuum stability based on the ”tree
potential” is valid, i.e., λ ≥ 0 is the condition for the vacuum stability.
In our scenario for the composite Higgs particle, L itself must become quadratic
with respective to φ at Λ. This requirement implies that x1,2(t) and y1,2(t) vanish
at Λ, and so we obtain
βm2(Λ) = 2m
2(Λ) {γ˜(Λ)− 1} , (B.25)
βλ(Λ) = 0 (B.26)
from Eqs. (B.21), (B.22) and (3.1). The conditions for the β functions should be
considered with taking account of the contributions from higher dimensional terms in
L to the β functions that were neglected approximately14 when we gave Eqs. (A.14)
and (A.15). The conditions will give some restriction on the value of Λ if they can
hold. The further investigation of the conditions remains as future works.
14To make the approximation valid, f(t) ∼ o(µ2/m2Pl) is required.
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